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ABSTRACT
28
To improve C sequestration in soils and mitigate climate change, it is essential to 29 understand how nutrient management strategies impact on soil organic carbon (SOC) 30 stocks and labile fractions. This study was designed to explore changes in soil bulk 31 density (BD), SOC concentrations, SOC stocks and soil labile organic C fractions 32 (mineralizable C (Cmin), microbial biomass C (MBC), dissolved organic C (DOC), also the supporting service of nutrient cycling (Duru et al., 2015) . However, the 93 properties of the SOC pool required for these two ecosystem services may not be the 94 same. For soil C to contribute to climate regulation by sequestration, it needs to be in 95 a stable, non-labile form that will not be susceptible to losses should the system be 96 perturbed by a change in tillage (Powlson et al., 2012) , small changes in C inputs (Liu 97 et al., 2013), or by climatic changes that increase microbial activity e.g. rising The North China Plain (NCP) region, referred to as "China's breadbasket" is a 137 highly productive agricultural area with the main cropping system of a winter wheat- weight of the soil core and the internal volume of the metallic core (Lu, 2000) .
205
SOC was determined using vitriol acid-potassium dichromate wet oxidation method 
232
Light fraction organic C (LFOC) was determined using the density fractionation 233 method as described by Janzen and Campbell (1992) . C concentrations in the extracts 234 were measured using the Multi N/C 2100 Analyzer as described above.
235
The carbon management index (CMI) was obtained according to the method of The C lability is the ratio of labile C (KMnO 4 -C) to non-labile C, and non-labile 241 C is determined as the difference between total C content and labile C (KMnO 4 -C) 242 content of soil. In this study, the soil sampled in CK is used as the reference soil. 
Annual carbon input calculations
244
The mean annual carbon input supplied by each source was estimated by summing 245 up manure additions from the beginning of the experiment as well as estimated inputs 246 from rhizodeposition, stubble (above-ground residues below harvest height), roots and 247 straw (Table 1) . In this experiment, straw refers to above-ground crop residues above 248 harvest height, which are typically removed from the field in this region, so the C 249 input from straw was zero.
250
Both grain (wheat and maize) yields and organic manure C (MA-C) were measured 251 annually; the biomass of above-ground residues (straw and stubble) and below-ground 252 residues (mainly root biomass) were assumed to be proportional to the crop grain 253 yield using the ratio of 43:37:20 for grain:above-ground residues:below-ground 
262
The concentrations of C in the dry matter were assumed to be 44% in the above The plots receiving organic manure had significantly higher KMnO 4 -C compared to 353 mineral-fertilized plots and CK (P < 0.05, Fig.1 ). KMnO 4 -C concentrations were 354 higher when double the rate of either manure or mineral fertilizer was used (P < 0.05, 
Carbon pool index and carbon management index
361
There were significant differences among all fertility treatments for soil carbon 362 pool index (CPI) and carbon management index (CMI) ( 2009). The significant increases in non-labile C in the manure-fertilized soils ( Table   454 4) indicate that manure addition could be a strategy to improve SOC stabilization in proportion of POC and LFOC varied from 2-30%. Our results are at the low end of 500 these ranges, reflecting the relatively low annual inputs of fresh C in our treatments 501 (Table 3) . Soil POC and LFOC belong to physically uncomplexed organic matter 502 which is isolated on the basis of particle size and/or density using physical Table 3 Labile organic C fractions including mineralizable C (Cmin), microbial biomass C (MBC), dissolved organic C (DOC), particulate organic C (POC), light fraction organic C (LFOC), and permanganate oxidizable C (KMnO 4 -C) as a proportion of total SOC (%) in different fertilizer treatments. Averages (mean ± SE) followed by the same letter in the same column are not significantly different (LSD, P < 0.05). standard rate of mineral fertilizer treatment that reflect local farmer practice; ◇ SMA: standard rate of organic manure treatment with N input rate equal to SMF; ○ 1/2SMF+1/2SMA: half the standard rate of mineral fertilizer plus half the standard rate of organic manure treatment; △ DMF: double standard rate of mineral fertilizer treatment; ▲ DMA: double standard rate of organic manure treatment).
